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NOTICE

The contents of this report reflect the
views of the O0ffice of Transportation
Materials & Reseérch which is responsible
for +the facts and the accuracy of the data
presented herein, The contents do not
necessarily reflect the official views or
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the Federal Highway Administration. This
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United States Government endorse products
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Quality
Length

Area
Volyme

Volume/Time
(Flow)

Mass

Velocity

Acceleration

" Density
Force
Thermal

Energy

Mechanical
Energy

Bending Moment
or Torque

Pressure

Stress
Intensity

Plane Angle

Temperature

Concentration

CONVERSION FACTORS

English to Metric System (SI) of Measurement

English unit

inches (in)or{")

feet (ftlor(')
miles (mi)

square inches (in?)
square feet (ft2)
acres

gallons (gal}
cubic feet (ft3;
cubic yards (yd3)

cubic feet_per
second (ft3/s

gallons per
minute (gal/min)

pounds {1b)

miles per hour {mph)
feet per second (fps)

feet per secogd
squared {ft/s®)

acceleration due to
force_of gravity (G}
(ft/s2} :

(16/F£3)

pounds {1bs)
(1000 1bs) kips

B8ritish thermal
unit {BTU)

foot-pounds {ft-1b)
foot-kips (ft-k)

inch-pounds {in-Tbs}
faot-pounds (ft-1bs}

pounds per sguare
inch {psi)
pounds per square
foot {psf)

kips per square
inch square root
inch (ksivim)
pounds per square
inch square root
inch {psivin)
degrees (°)

degrees
fahrenheit (F)

parts per million (ppm}

.i

© Multiply b

25.40
.(2540

.3048

1.609

6.432 x 10-%
.09290
.4047

3.785

.02832
+7646

28.317

.06309
4536
4470
.3048

.3048

9.807
16.02

4.448
4448
1055

1.356
1356

.1130
1.356

6895
47.88

1.0983

- 1.0088
0.0175
+F - 32 = 4C

To get metric equivalent

millimetres {(mm}
metres {(m)

metres {m)
kilometres (km)
square metres (m?)
square metres {(m¢}
hectares (ha)
Titre {1)

cuhic metres (m3\
cubic metres (m3)

Titres per secnnd 1/s)

Titres per second (1/s)
kiTograms (kg)
metres per second (m/s)

metres per second (m/s)

metres per sgcond
squared (m/s<)

metres per sscond
squared (m/s<)

kilograms pgr cubic
metre (kg/m~)

newtons (N)
newtons (N}
Jjouies (J)

joules (dJ)
joules (J)‘

newton-metres {Mm)
newton-metres (Nm)
pascals (Pa)
pascals (Pa)

mega pascals/metre (MPa m)

kilo pascalsvimetra (KPa m)

radians (rad)

' degrees celsius {°C)

milligrams per kilogram (mg/kg)
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INTRODUCTION AND OBJECTIVES

This interim report presents partial preliminary and

final results of a Pederal Highway Administration (FHWA)
funded research project titled: "Traffic Noise Attenuation as
a Function of Ground and Vegetation." This research projeét
focusses on two separate mechanisms of traffic noise

attenuation provided by site characteristics:

1. excess attenuation afforded by various ground covers
as functions of distances up to 400 feet from traffic sources

and of heights up to 20 feet above the ground.

2. shielding by shrubbery and trees of various thicknesses

and density typically used in landscaping along highways.

Due to a variety of reasons and unexpected problems mentioned
in the guarterly reports, the project has run behind schedule.
Some of the causes will be discussed in this report to the
extent that they affect the final direction or outcome of the
project. Meanwhile, some interesting early results and data.

trends have surfaced in the preliminary data analysis.

For these reasons, the author feels that an interim report is

justified to fulfill the following three objectives:
1. to provide a status report of the project.
2. to present some interesting preliminary resnits.

3. to discuss some changes from the original proposal and

new directions to proceed in.

www . fastio.com
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In 1981, the 0ffice of Transportation Laboratory (now changed
to the Office of Transportation Materials & Research) of the
California Department of Transportation (Caltrans) completed a
federally-funded research project (1) evaluating noise
barriers. One of the objectives of that study was to compare
FHWA noise prediction and barrier design procedures (2) with
controlled field measurements. The research results pointed
out that the FHWA model overpredicted noise levels by an
average of 3 to 4 dBA.

When comparing model results with measurements, the
differences showed a tendency to increase with distance.
Generally, within 50 feet or less from the source, the model
predictions were about 1.5 to 2 dBA higher than the
measurements. At distances up to 300 feet these differences

increased by several more dBA.

The offset at lesser distances hinted that the error might
have been partially caused by using the National Reference
Energy Mean Emission Levels in the model. Subsequent research
confirmed this suspicion and resulted in the California
Vehicle Noise (Calveno) Emission Levels'(g). These were
approved by the FHWA for use in California. In 1985 the speed

dependent curves were implemented for use by Caltrans.

The implementation of the Calveno curves generally lowered
predicted noise levels by 1.5 to 2 dBA and improved the
agreement between measured and calculated noise levels
significantly. Noise levels predicted for receivers near
highways began to agree closely with noise measurements taken
at these receivers. Further from the source, however, the

model still tended to overpredict, although less than before.
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The ihdicétiog that the ﬁ&del o&érpredictions increased with
distance from the source suggested that the attenuation

rates used in the model were not high enough. These rates
adjust noise levels calculated at a reference distance of 1§
meters (50 feet) to a distance of interest. In the model, the

attenuation rates are constant for any distance (2).

Distance attenuation rates as used in the FHWA model consist

of two parts: 1) geometric spreading and 2) ground absorptio
or excess attenuation {2}). .

Geometric spreading describes the manner in which the sound
wave fronts radiate outward from a sound source. For a line
source, this "spreading" of wave fronts takes on a cylindrical -
form. The ever increasing area of the cylinder is proportional
to the radial distance from the line source. The acoustical

ihtensity (net energﬁ flowing through a unit area) in decibels

changes with distance, in this case by
10 Logaa{(Do/D)

where: Do= a reference distance = 15 meters in FHWA model.

D = distance of interest.

Ground absorption, or excess attenuation is accounted for by a
site parameter oL . The total attenuation rate including both
the cylindrical spreading and ground absorpticon is expressed

as:
.10 Log;d(DQ/D)‘*u

the-site parameter

1l

"where: &

0 for an acoustically hard site (reflective)

It

0.5 for an acoustically soft site (absorptive)

www fastio.com
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Based on the résults of numerous routine Caltrans noise
measurements, the O0ffice of Transportation Materials &
Research feels that the choice of two values ( either 0 or

0.5 }) for o is too restrictive. The previously mentioned
overpredictions by the model were observed for situations when
the model dictated the use of ® for soft as well as hard
sites. This indicates that conditions where ©& > 0.5 are gquite

common, but are not accounted for by the model.

The purpose of the first part of this research project is to
investigate whether or not soft site parameters of 0.5 are
adequate and, if not, to determine new values for defined site
conditions. The hard site parameter of 0 can be considered a
special case of soft site, because the FHWA model implies that
this is the lower limit of @¢.

The second part of this research project deals with the
attenuation properties of "vegetative barriers" (relatively

thin but dense strips of vegetation used primarily for
landscaping). During the noise barrier evaluation study (1)
attenuations of up to 5 dBA were noticed 3 feet behind a 6-
foot-high right-of-way fence covered with thick, dense ivy.
The attenuations, however, decreased rapidly to 2 dBA at 20
feet behind the fence. These findings were recorded in‘field

notes, but they were not reportéd'in the study.

Subseguent measurements behind an oleander strip approximately
8 feet high and 17 feet wide paralleling a freeway indicated
attenuations ranging from less than 1 dBA to almost 3 dBA,

depending on the distance behind the oleander.

In addition to the these somewhat promising observations,
Caltrans districts reported complaints from residents near
freeways that noise levels increased after trees and shrubs

were trimmed by maintenance personnel.

www . fastio.com


http://www.fastio.com/

CM:)PD

wvw fast

io’comn ™

“The above évents prompted thé Office of Transpbrtation

Mﬁteriélé & Research to include in this research project the
objective of studying the feasibility of reducing freeway
noise levels by landscaping in situations requiring only
siight noise reductions. If feasible, Caltrans would have an
attractive alternative to constructing cdstly noise barriers

in borderline cases; attractive from an aesthetic as well as

cost-effective point of view.

This portion of the study has been completed and the final
results and conclusions will be presented in this report. No

further work is anticipated on "vegetative barrier” research.

In addition to the vegetative findings, some preliminary
results and conclusions of the ground attenunation portion of

this research preject will be presented in this interim

report.
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CONCLUSIONS

Vegetative Barriers,

A comparison of ﬁormalized simultaneous noise measurements at
shielded and unshielded portions of three sites of different

» types and combinations of shrubs and trees indicated shielded/
unshielded differences of 0 - 2.7 dBA, depending on site and
microphone locations. The 2.7 dBA reduction was measured at
one site only, and then at one microphone location. The

mean reduction for all locations was 0.9 dBA. At least seven

noise measurements were taken at each microphone location.
The vegetation types tested included:

* Combination of oleander and redwoods (Site V-1)
¥ Oleander (Site V-2)

* Pine trees (Site V-3)

The ranges and means of noise reductions due to vegetation by

site are:

# Site V-1 - Range: 0.3 to 0.8 dBA; Mean: 0.5 dBaA
*_Site V-2 - Range: 0.7 to 2.7 dBA; Mean: .7 dBA
* 8ite V-3 - Range: 0.0 to 1.0 dBA; Mean: .5 dBA

[= I

*

Mean Reduction for All Sites combined: 0.9 dBA

The variations of noise reductions at each site were a

- function of distance behind the vegetative barrier.

With the obvious exception of the 0 dBA difference, all
measured differences were statisticélly significant at a
significance level of 0.05. However, statistical significance

does not necessarily mean significance in terms of human

ClihPDF - www .fastio.com
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matter of fact, traffic noise reductions of

=¥

pérception. A&

less than 3 dBA can generally not be perceived. The noise

reductions observed in this part of the project can therefore

not be termed significant from a human perspective.

The 0ffice of Transportation Mdterials and Research therefore
cqnclﬁdes that the use of vegetation is not an effective
measure to reduce highway noise on a routine basis. However,

for- the purposes of meeting specific design noise levels or
nqise standards, oleander or equivalent shrubs may be of some

value in borderlihe'cases when there is sufficient
right-of-way available to plant a 15 to 20 foot wide strip. If
allowed to to grow to a height of 8 feet with sufficient

'density, the shrubs should provide an average noise

attenuation of 1 to 2 dBA.

The data presented in this report alsc implies that trimming
or remoﬁél of shrubs and trees along highways by maintenance
of construction personnel does not cause perceivable increases
in noise.levels to residences originally shielded by the

vegetation.

Ground Attenuation Rates.

Preliminary‘fihdings indicate that the site parameter & should
be greater than the recommended value of 0.5 for soft sites in
many instances. An analysis of more than 300 single vehicle
p‘ésses at 4 sites showed the following average &8 for
distances of 50 to 200 feet from the source at receiver

heights of 5 feet:

Autqs:_:; 1.6
Medium Trucks: 1.4

Heavy Trucks: 1.1

wivw fastio.com o
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The differences in 04§ between the three vehicle groups were
probably due to the differences in source heights. Noise from
higher sources such as heavy trucks, are less affected by

ground absorption than noise generated lower to the ground.

The sites were flat and open, without obstacles or reflective
surfaces. They ranged from a field with short weeds (3 to 12
inches) to a plowed field with 6 inch furrows, to fields with

tall weeds {2 feet) and desert sagebrush.

The site parameters were calculated from two types of
measurements of single vehicle passes: time averaged Leg's and
instantaneous Lyax's. After normalizing the Lgqg measurements
from finite to infinite roadway, the ‘S of Ly 's were
found to be a fairly constant 0.4 higher than those derived
from instantaneous measurements for each event. The &%

were calculated with the assumptions of perfect line source
propagation for the Lgpgo measurements and perfect point source

propagation for the Ly.x measurements. The differences between
the o¢'s may be due to flaws in these assumptions.

Large variations were found in the noise data. These may be
attributed to varying wind speeds and directions during

measurements.
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RECOMMENDATIONS

In this interim stage, the 0ffice of Transportation Materials

& Research makes the following recommendations:

1. Discontinue further research in the vegetative barrier

portion of'this project.

2. Vegetation should not be used as a routine highway traffic
noise control measure. In borderline cases a greenbelt of
oleander may be used to reduce average highway noise levels by
1 to 2 dBA to conform to noise standards or noise abatement
criteria. A sufficient amount of right-of-way must be
available, however, to incorporate an oleander strip of‘15 to
20 feet in width between the shoulder and right-of-way. The
oleander must be sufficiently dense (highway generally not
visible from receiver location except for some isolated small

areas) and at least 8 feet high.

3. Vegetation may still be effectively incorporated iﬁ
conventional noise barrier designs or used for shielding
traffic from direct view, primarily for aesthetic reasons. The
1981 noise barrier evaluation study (1) showed some evidence

that highway noise accompanied by visual contact of traffic
was more objectionable than noise by itself.

4. At least two or three additional sites should be selected
for ground attenuation measurements. These sites should
incorporate multilane highways to check the single vehicle
pass-hy technigque used up to the present. The analysis of data

already gathered should be continued for different microphone

distances and heights.

5. Correlations should also be investigated between

attenuation rates and the crosswind direction (+ or -) with

www . fastio.com
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Téspect to “the highway and brossﬁind speed. Methods to

normalize noise measurements to zero wind conditions should

be investigated, in order to eliminate large data variations.
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IMPLEMENTATION

The final conclusions regarding vegetative barriers do not

require an immediate change in present Caltrans policies.
Further consultation with the Office of Project Planning and
Design and other pertinent departments may result in a future
policy or procedure change regarding the before mentioned

possible use of oleander "barriers" in borderline cases.

Farmal implementation of the interim findings concerning

ground attenuation is not warranted at this time, due to their

incomplete nature.

Immediately following approval of the final report by the
FHWA, pertinent recommendations publiéhed at that time
will be ihcorporated in the Caltrans versions of traffic

noise prediction methods and noise barrier design procedures.

Memorandums will be sent to all Caltrans districts to advise
project development and environmental branches of any changes

in methods and procedures.

The Office of Transportation Materials & Research will
coordinate with The Office of Project Planning and Design
concerning publishing any necessary revisions of revisions of

Chapter 1100 of the Caltrans Highway Design Manual.

11
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Preliminary findings presented in fhis report suggest that
in many instances the attenuation rates presently used are too
low, resulting in the FHWA model predicting higher noise

levels than actually occur.

The current Caltrans practice of "calibrating™” the model - or
adjusting the model predictions to real world conditions
through key measurements of traffic and noise - adeguately
solves the problem for Type II projects as defined in FHPM
7-7-3 (4). Type II projects are retrofit construction

of noise barriers along existing highway or freeway alignments

and profiles.

For new construction (Typé I) projects, however, the accuracy
of noise predictions depend entirely on the accuracy of the
model without the benefit of calibration. Higher predicted
than actual noise levels could result in construction of
acoustically overdesigned noise barriers or barriers that were

not reduired.

If present trends continue, this research project may conclude
that the value 0.5 for a soft site alpha is too low. Until
this project is completed, however, there is no way to predict
with any degree of confidence what value to use in lieu of 0.5
and to describe the ground conditions for any of the new

value(s) that might be proposed.

The vegetative barrier portion of this study may be used to
address noise complaints due to trimming shrubbery hy
Caltrans Maintenance, or due to outright removal of
vegetation in clearing and grubbing phases of construction-

projects.

12
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VEGETATIVE BARRIER MEASUREMENTS

Sites, Instrumentation, and Methods.

Three vegetative barrier sites were used in this study (Sites
V-1 through V-3). Each site consisted of two regions: the
shielded and unshielded regions. "Shielded" refers to that

portion of the site that was visually (and hbpefully
acoustically} shielded from the highway traffic by the

barrier's vegetative mass. Conversely, the "unshielded"

portion referred to an adjacent area that was not shielded

from the traffic source.

The sites were selected using several qualitative criteria,

the most importént of which were (not necessarily in order of
importance):
* shielded portions to have a vegetative barrier of

sufficient vegetative mass (includes both density and width or

thickness) and height.

* unshielded portions to be open without any significant

obstacles or reflected surfaces.

* approximate site equivalency (similar site geometries

and ground covers) between shielded and unshielded portions.
* approximate source equivalency (same traffic passing the
shielded and unshielded array of mic's, with roughly the same

lane distributions).

* sufficient amount of traffic to lessen chances of

contamination by background noise levels.
* gufficient variety of distances available for noise

13
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measturements .

* ability to set up two arraws of microphones, one in the
shielded and one in the unshielded region, at the same

distances and heights relative to the source highway edge of
pavement (EP).

Depending on the site, either 3 or 4 microphones (mic's) were
set up in each region in a line perpendicular to the highway,
at various distances from the EP. At the shielided half of each
site, the hic positions were labeled "A"; here, all but one
mic were shielded by the vegetative barrier. The-.only
unshielded mic was labeled control mic "A", or "CA". The

shielded mic's were numbered 1A, 2A, etc.

At the sites!' unshielded half, the mic's were designated "CB",
1B, 2B, etc. The mic's were positioned at the same distance
and height relative toc the EP as their "A" mic counterparts,
(i.e.'mic "CA" and "CB" were at-the same height and

disfance from EP, mic 1A was similarly matched with mic 1B,
efc.)

Noise data from mic's "CA" and "CB" were later used to
"normalize" the "A" and "B" mie's in the noise comparisons of

the shielded and unshielded pdrtions at easch site.

Figures A-1 through A-9 show vicinity maps, lavouts, cross

sections, "and mic positions at each site, and details about

the vegetative barriers {(Appendix A).

All sound level meters (SLM) used in this study met the
requirements of Type I Precision SLM per ANSI S1.4, 1983 (5).

The following instruments were used in this study:

14
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* 6 Bruel & Kjaer (B&K) 2218 Precision SLM with B&K 4165

mic's.
*¥ 2 B&K 4426 Noise Level Analyzer with B&K 4165 mic's.

* 1 B&K 4230 Calibrator.

All SLM's and analyzers were field calibrated before and after

each series of noise measurements. In addition to the field
calibration, all the Office of Transportation Materials &

Research's noise equipment is calibrated annually in the
Office's laboratory as part of its Quality Assurance Program
(QAP). This program calibrates all Caltrans' noise monitoring
equipment. Procedures under the QAP are traceable to the
National Bureau of Standards (NBS) in Washington, D.C. via two
B&K 4160 Laboratory Standard Miérophones which are calibrated
annually by NBS. ‘

Traffic volumes were videotaped and later counted in the
laboratory. The purpose of these traffic measurements was to
confirm that all the noise measured at each site indeed came
from the highway and that ne significant contamination by
local noise ocurred. The FHWA model (2) was used for this
purpose, with California'Vehicie Noise (Calveno) Emission
Levels (3).

Wind speed and direction were measﬁred by a Belfort

Instrument Co. hand held anemometer.

The "A" and "B" mic's at each site measured highway traffiec
noise simultaneously for a minimum of 15 minutes for each run.
A.minimum of 7 runs were measured at each site, during which
traffic was videotaped and prev;iling wind conditions

observed and recorded.

15
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Méasurement Results. '

Tahles'l (3 pages) and 2 show the results of the noise
measurements} traffic counts, and meteorological observations

at the three vegetative barrier sites V-1, V-2, and V-3.

The trafflc flow rates in vehicles per hour were expanded by

multlnlylng the V1de0taped 15 minute traffic counts by 4.
The three vehicle groups shown (heavy trucks, medium trucks,
and autos) are defined in the FHWA model (2).

Avéfage traffic speeds were estimated from free flowing

conditions observed by the author on previous travels on these

routes.

EQuivalent lane distances were calculated for each direction

of traffic (2) from site survey data.

The traffic flow rates, speeds, and the eguivalent lane

distances were- later used in the data analysis.

"ﬁaﬁa Analvysis.

The first step in analyzing‘thé,measured data was to ascertain
thaf the heasured noise levels could entirely be explained by
tﬂe highway traffic. If this were to be true the chances of
épntamination by other than highway noise sources would be
ghéll. The significance of this is obvious: contamination from
local sources could dilute any shielding effects provided by

the vegetative barrier.

‘Phe traffic information shown in Table 1 was used to predict

noise levels from the highway at the unshielded portions of

_the three siteé The FHWA model with California Vehicle Noise

Em1381on Levels was used for the predictions (2,3). The FHWA

model cannot adequately account for the shielding of

~
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) TABLE 1  .
NOISE AND TRAFFIC MEASUREMENTS AT VEGETATION BARRIER SITES

SITE V-1
Date of Measurements: February 5, 1987

Times:

Microphones - Leqg, dBA |
Begin_End "CA" lll’lAll il'zAll iIISA" i"CBII ||I1BH |'|2B|’I ||l3Bll‘ I
12:35-12:55 78.2| 74.4| 72.2| 70.0| 76.9] 73.5]| ] |

13:30-13:50 | 78.0| 74.7| 72.4] 69.8| 76.7{ 73.4] 71.3| 67.3|
18:55-14:15 | 77.9| 74.3| 71.9] 69.7| 77.0| 78.7| 71.6| 68.8]

f
l
f
13:00-18:20 | 78.1| 74.8} 71.9! 69.8| 76.9| 73.5| 7i.4| 67.4|
|
I
14:20-14:40 | 78.6| 74.9| 72.3| 70.1| 77.3] 73.9] T1.7] 68.8|

(Traffic Not Counted During Above Measurements)

Date of Measurements: March 15, 1989

Times: | Microphones - Leqg, dBA l
Begin_-End fIICAII ' All II!2AI| !“3A“ ' BII IlllB" I"aBII |HSBII |
11:00-11:15 | 79.3| 75.2{ 72.4| 67.9} 78.3| 74:8| 72.5]| 68.8|
11:20~-11:35 | 78.9| 74.8| 72.0| 67.4| 78.1] 74.6| 72.2| 68.4]|
11:40-11:55 | 79.1| 75.2] 72.4) 68.1| 78.0| 74.4| 72.1| 68.4]|
12:00-12:15 | 79.3} 75.1| 72.1| 67.8| 77.9| 74.1| 71.7| 67.7]|
12:20-12:35 | 78.9] 75.0] 72.0{| 67.4| 78.0| 74.3| 72.0| 68.4|
12:40-12:55 | 79.0f 75.0| 72.0| 67.7| 77.9| 74.1| 71.9| 68.0}|
13:00-13:15 | 78.8| 74.8] 71.7| 67.1] 1| 71.8] 67.8|

77.9| 74.

Traffic Flow Rate (Vehicles/Hour)#

i J
Times | E/B (Near) Lanes | W/B (Far) Lanes |
Begin-End | Autos |M.Trks |H.Trks | Autos |M.Trks |H.Trks |
(S AME [ 1788 | 74 |} 222 | 1660 | 70 | 210 |
| 2288 | 62 | 186 | 1676 | 64 | 192 |
| 2972 | 78 | 234 | 1636 | 60 | 180 |
AS | 1780 | 63 | 189 | 2144 | 66 | 198 |
| 2036 | 60 | 180 | 1948 | 50 | 200 |
| 2004 | 66 | 198 | 1848 | 47 | 141 |
ABOVE) | 2364 | 51 | 153 | 1720 | az | 126 |
All Runs ! Average Speeds: 60 MPH |
| Equivalent Lane Distances®, Feet ]
| 4 E/B Lanes | E/B Lanes 3&4 | 4 W/B Lanes |
0.'s | Autos & M.Trks| Heavy Trucks | A, MT, and HT |Alpha*|
"CB"] 55 | 45 ! 126 | o |
"1B" | 84 f 73 | " 154 | 0.5 |
“2B" | 109 | 98 | 174 ] 0.5 |
"3B" | 144 ; 133 | 214 | 0.5 ]

+ No Data due to equipment malfunction.

# Autos, Medium Trucks, and Heavy Trucks as defined in (2}.

@ Equivalent Lane Distances calculated per FHWA RD- 77 108 (2).
* Site Parameter Alpha per FHWA RD-77-108 (2).
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TABLE 1 (Continued)
NOISE AND TRAFFIC MEASUREMENTS AT VEGETATION BARRIER SITES

SITE V-2
Date of Measurements: October 9, 1981
(Previous Unpublished Data}
Run | Times: | Microphones - Leg, dBA
No. | Begin-End |"CA" |"1A" |"2A" |"CB" |"1B" |"2B" |
1&2 | 13:00-13:30 | 81.6| 78.2| 71.9] 81.1| 78.3| 72.9|
[ &13:45-14:15 |

Traffic Flow Rate (Vehicles/Hour)#

Run | Times: | 8/B (Near) Lanes ! N/B (Far)} Lanes |
No. | Begin-End | Autos |M.Trks |H.Trks | Autos |[M.Trks |H.Trks |
1&2 |Same as Above| 4952 | 62 | 146 | 500 | 60 | 170 |}
Average Speeds: 65 MPH
Date of Measurements: March 17, 1989
Run | Times: | Microphones - Leq, dBA |
No. | Begin-End |"CA" J"1A™ |"2A" |"CB" {"1B" |"2B" |
1 | 10:15-10:30 |-81.8| 78.1| 72.2[ 82.1| 79.4] 75.5]|
2 | 10:35-10:50 | 81.6] 78.0| 71.8| 82.0] 79.2| 75.1]
“3 | 10:55-11:10 | 81.1| 78.1} 71.9| 81.6] 78.9] 74.9!
4 | 11:15-11:30 | 82.0| 78.6| 72.3| 82.2| 79.4| 75.4|
5 | 11:35-11:50 | 80.2] 77.0] 70.4| 80.7| 78.0| 73.8]
6 | 11:55-12:10 | 81.0| 77.4| 71.0| 81.0| 78.3] 74.2]
7 | 12:15-12:30 | 81.1] 77.8| 71.5| 81.2] 78.5| 74.5]
f Traffic Flow Rate (Vehicles/Hour)é# |
Run | Times: | 5/B (Near) Lanes | N/B (Far) Lanes |
Ne. | Begin-End | Autos |{M.Trks |H.Trks | Autes |M.Trks |H.Trks |
1 | ( S AME | 1036 | 68 | 120 | 788 | 44 | 176 |
T2 ] | 800 | 44 | 136 |. 864 | 44 | 144 |
R B I | 880 | 52 | 118 | 924 | 12 | 160 |
4 | A S | s12 | 48 | 148 | 1064 | 76 | 148 |
5 | | 844 | 36 | 92 | 1164 | 32 | 120 |
6 | | 780 | 68 | 136 | 900 | 64 | 120 |
T Y ABOVEY ] 888 | 72 | 158 | 820 | 72 | 140 |
' “All Runs N . Average Speeds: 65 MPH |
] Egquivalent Lane Distances@, Feet |
| 2 S/B Lanes | CL S/B Lane 2 | 2 N/B Lanes |
Mic. No.'s | Autos & M.Trks| Heavy Trucks | A, MT, and HT {Alpha*|
‘"CA" &, "CB"| 24 [ 19 | 89 I 0 |
"1A" ‘& ."1B"| 486 , | 41 | 110 I o |
M2A" & “2B"| 87 1 81 | 151 b0 |

NOTES: % Auﬁos. Medium Trucks, and Heavy Trucks as defined in (2).
@ Equivalent Lane Distances calculated per FHWA RD-77-108 (2).
* Site Parameter Alpha per FHWA RD-77-108 (2).
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TABLE 1 (Continued}
NOISE AND TRAFFIC MEASUREMENTS AT VEGETATION BARRIER SITES

SITE V-3

Date of Measurements: March 22, 1989

Run | Times: i Microphones - Leq, dBA |

No. | Begin-End |"CA" |"1A" {"2A" |"CB" |"1B" |"2B" |

i | 10:00-10:15 | 73.7| 64.8] 61.1| 74.0! 66.4| 61.8]

2 | 10:20-10:35 | 73.4) 64.8) 61.6] 73.7| 86.5| 62.0]

3 | 10:40-10:55 | 74.2| 65.3] 62.0| 74.5} 67.1| 62.4]

4 | 11:00-11:15 | 73.6| 65.4} 82.1] 73.9| 66.5| 61.9]|

5 | 11:20-11:85 | 71.9| 63.9| 60.2| 72.2( 64.5| 59.9]

6 | 12:00-12:15 | 74.6| 66.6} 63.2| 75.0| 67.8| 63.1|

7 } 12:20-12:85 | 78.1| 65.0| 62.8| 73.3| 66.2| 62.3]|
| Traffic Flow Rate (Vehicles/Hour)# ]
Run | Times: l S/B (Near) Lanes | N/B (Far) Lanes ]
No. | Begin-End | Autos |M.Trks |H.Trks | Autos |M.Trks |H.Trks |
1 | (SAME | 332 | 4 | 44 | 236 | 12 | 100 |
2 | 236 | 12| 68 | 272 ) 12 | 72 |
3 | | 240 | o | 84 | 318 | 20 | 88 |
4 | A S | 300 | 4 | 60 | 320 | 12 | | 8a |
5 | | 192 | 28 | 28 | 324 | 8 | 84 |
6 | | 292 | 12 ] 92 | 308 | 12 | 100 )
7 | ABOVE) | 324 | 12 | 44 | 308 | 32 | 80 |
All Runs | Average Speeds: 65 MPH ]

| Equivalent Lane Distances@, Feet |
| 2 S/B Lanes | CL S8/B Lane 2 | 2 N/B Lanes |

Mic. No.'s | Autos & M.Trks| Heavy Trucks | A, MT, and HT |&lpha*]|
"CA" & "CB"| 33 | 28 ; 117 i 0 |
"1A" & "1B"| 73 | L | 156 | 0.5 |
- "2ZA" & "2B"| 123 | 117 | 206 ] 0.5 |

NOTES: # Autos, Medium Trucks, and Heavy Trucks as defined in (2).
@ Equivalent Lane Distances calculated per FHWA RD-77-108 (2).
* S§ite Parameter Alpha per FHWA RD-77-108 (2),.
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Date of Measurements

METEOROLOGICAL OBSERVAT

TABLE 2

IOCNS DURING NOISE MEASUREMENTS

SITE V-1

February 5,

1987

(No Meteorological Observations Were Made on this Date)

‘blowing from highway to microphones
& 270 deg.

90 deg.

Date of Measurements:

Average Wind

March

| |
| Times: | Speed |Direction |
Run No.| Begin-End | (Knots)* | (Degrees)@|
1 ] 11:00-11:15 | 4 | 225 |
2 | 11:20-11:35 | 3 | 200 1
3 ] 11:40-11:55 | 4 1 225 |
4 | 12:00-12:15 | 5 | 225 1
5 | 12:20-12:35 | 6 | 245 |
6 | 12:40-12:55 | 7 | 255 ]
7 | 18:00-13:15 | 5 | 220 |
SITE v-2
Date of Measurements: March
| Average Wind i
i Times: | Speed tBirection |
Run No.| Begin-End | (Knots)* | (Degrees)@|
1 { 10:15-10:30 | 2 f 70 |
2 | 10:35-10:50 | 1 | 270 [
3 ] 10:55-11:10 | 2 | Variable |
4 1 11:15-11:30 | 2 | " [
5 1 11:35-11:50 | 2 ! " |
6 | 11:55-12:10 | 1 | " |
7 | 12:15-12:30 | 2 | " |
. SITE V-3
Date of Measurements: March
| Average Wind !
\ Times: ]  Speed iDirection |
Run No.| Begin-End | (Knots)* |({Degrees)@]|.
1 ] “'10:00-10:15 | 3 | 270 ]
2 | 10:20-10:35 | 2 | 270 |
3 | 10:40-10:55 | 1 | 270 |
4 | 11:00-11:15 | 1 | 270 |
5 ] 11:20-11:385 | 1 | 270 |
6 | 12:00-12:15 | 1 | 270 !
. 7 | 12:20-12:35 | 2 | 270 |
. NOTES:
* 1 Knot = 1.15 MPH
@ Degrees clockwise from reference. Reference

15, 1989
Estimated |
Temperature|
(Deg. F.) fSky Condition
Upper 60's | Clear
I ! I
I I I
l I I
| | |
v t v
Lower 70's | Clear

17, 1989
Estimated |
Temperature |
(Deg. F.) |Sky Condition
Upper 60's |{Mostly Sunny
I I |
| ] I
| I |
I I I
| v
|P'tly Cloudy

v
Lower 70's

22, 1989

Estimated |

Temperature|

(Deg. F.)}) |8ky Condition
Upper 60's |Clear & Sunny

" " n

!
v

Lower 70's

= 0 degrees = wind

(perpendicular to highway),
are parallel to highway,

and 180 deg. = wind

blowing from microphones to highway (perpendicular to highway).

‘wyw fastio.com
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vegetation. The predicted results were therefore only accurate

for unshielded portions of the sites, i.e. the "B" mic's.

Table 3 shows a comparison of predicted and measured noise

levels at the three sites ("B" mic's only). As can readily be

seen, the differences were generally between 0 and 2 dBA or

within the normal accuracy of the model. Only 2 of the 70

. comparisons showed differences greater than 2 (Site V-1, run
3, mic 2B: + 2.1 dBA, and Site V-3, run 5, mic 2B: +2.7 dBA).
The agreement between predicted and measured noise levels is
‘'strong evidence that no local contamination of the noise

measurements occurred at the microphones.

The next step consisted of normaliﬁing the noise data
simultaneously collected at the shielded and unshielded
portions of each site. As was mentioned before, this was done
via the control mic.'s "CA" and "CB". Although each site was
carefully selected so that the shielded and unshielded
portions were acoustically equivalent, small differences
between control mic's still existed. These differences can be
eliminated by setting the noise levels at one control mic
equal to the other's and making the necessary correctjions at
the remaining mic's.
#
Another way to normalize "A" and "B" mic's is. to compare the
differences beteen control mic and other mic's, i.e. CA - 1A
vs CB - 1B, CA - 2A vs CB -~ 2B, etc. This method, shown in
Table 4, was used in the analysis. Since the "A" mic's are
shielded (except for "CA"), one would expect greater
difference between CA and 1A than CB and 1B, etc. The
. difference of these differences then can be attributed to the
shielding by the vegetation. Table 4 (2 pages) pfesents these
comparisons. In all but one instances the CA - iA values were
greater than the CB - iB values (where i = 1,2, or 3),
indicating a shielding effect from the vegetation barriers in

almost all cases.
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"TABLE 3

COMPARISONS OF PREDICTED* VS MEASURED NOISE LEVELS (Leg, dBA)
AT UNSHIELDED PORTIONS OF VEGETATION BARRIER SITES.

Run No.

QG ok W e

Run No.

RO YA PN

QAW N

Run No.

B W =

* Predictions per FHWA 77-RD-108

79,

- T0.

. 89.

Pred.

79.
79.

78.
78.
78.
78.6

Lo DOmo

69.
69.

69.
69
69.

Qw1

80.
80.
80.
80.
79.
80.
80.

O B =3 O Wk ]

Pred,

4.
75.
75.
75.
73.
76.
74.

S W -0 -] -]

MIC "CB"
Meas.

78.
78.
78.
77.
78.
77,
T7.

O WO WO oW

MIC l.l' 3R"
Pred.

Meas.
68.
68.
68.
67.
68.
68.
67.

0Ok -3 0

MIC |ICB!I
Pred.

Meas.
82.1

82.0

81.
82.
80.
81.
81.

[CR=RE I

MIC "CB"
Meas.

74.
73.
74.
73.
72.
75.
73.

WoMpmOm-10

P...
+0.8
+0.9
+1.8
+1.0
+0.9
+1.0
+0, 7

+0.9
+1.2
+1.9
+1.8
+1.1
+1.3
+1.2

p_

+0.7
+1.4
+1.2
+1.1
+1.5
+1.8
+1.4

M

M

SITE V-1
MIC "1B"
Pred. Meas.
74.9 74.8
74.8 f4.6
75.6 T4.4
T4.7T T4.1
' 74.7 74.3
7T4.6 T4.1
74.83 74.1
SITE V-2
MIC "iB"
Pred. Meas.
78.0 79.4
77.8 T79.2
77.5 78.9
78.3 79.4
7.2 78.0
7.9 78.3
78.3 98.5
SITE V-3
MIC "1B"
Pred. Meas.
67.3 66.4
67.7 66.5
68.3 67.1
87.7 66.5
66.4 64.5
68.9 67.8
67.4 66.2

P__

+0.1
+0.2
+1.2
+0.6
+0.4
+0.5
+0.2

P -
-1.4
-1.4
-1.4
-1.1
-0.8
-0.4
-0.2

P_

+0.9
+1.2
+1.2
+1.2
+1.9
+1.1
+1.2

M

M

M

Pred.

T3.
73.
T4.
73.
T3.
73.
T2.

[2 B T o I v T

MIC "2B"
Meas.
72.5
72.2
T2.
T1i.
72.
71.
T1.

Ww o=

MIC "2B"

Pred.

63.
63.
64.
63.
62.
64.
63.

s I B B b« - -

(Calveno) Emission Levels FHWA/CA/TL-87/03 (2,3).
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Meas.
75.
75,
74.
75.
73.
T4.
74 .

GNP O

MIC "2B"
Meas.
61.8
62.0
62.4
61.9
59.9
63.1
62.3

with California Vehicle Noise

P_

+0.9
+1.1
+2.1
+1.5
+1.2
+1.2
+1.0

P_

+0.3
+0.3
+0.5
+0.5
+1.1
+1.2
+1.4

+1.6
+1.6
+1.8
+1.8
+2.7
+1.6

M

M

+1.1
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TABLE 4
STATISTICAL COMPARISONS

BETWEEN SHIELDED AND UNSHIELDED PORTIONS OF VEGETATION BARRIER SITES

| Control Mic.
Run{shielded

SITE V-1

Date of Measurements:

Unshielded|{Shielded
"2AI.

No.|"CA"-"1A" “"CB"-"1B"
1 3.8 3.4
2 | 3.8 3.4
3| 3.8 3.3
4 | 3.6 3.6
5 | 3.7 3.4

|
x | 3.6 3.4
s | 0.21 0.11
n | 5 5

| t*= -2.075

I to.os;a = -1,860

I

i Control Mic.
Run|Shielded

No.|"CA"-"1A" "CB"-

1] 4.1

2 | 4.1

3 | 3.9

4 i 4.2

5 | 3.9

6 | 4.0

74 4.0
|

X | 4.0

s | 0.11

n | 7 7
| t¥= -4.458
I to.us;:z = -1
|

NOTES: t* =

This value was compared to the "critical"

Date of Measurements:

Unshielded{Shielded
I!CAII__
.9

3.
0.

W wwwww
R

Difference IS Signif.

"1B"

~3

14

.782
Difference IS Signif.

I
I
I
I
|
I
|
|
I
I
!

I
I
|
!
I
I
!
|
|
I
I
I
I
|

"CAY-

oaoo

(2B~ R B e ]
Wwo ;mnOo

.0
.27

t*=

Februay 5,

"CB"_'

[5) NS 04 S ]

4

5.
0.

4

-3.825
-1,895

tQ o857

Difference IS Signif.

6

ta.
Difference IS Signif.

IS IS I NS I -
[ =B o B v I T o]

k=t O

7
-0,
7

"2All

6

t*=

o5 ;

HCB"_

[0 B B IS IS ]

5.
0.

7

-12.833
= -1.782

iga

[=> 30~

= O O N

"23"

<o

March 15,

"2B"

. 8

(=}

13

I

o]

I
I
|
|
|
I
I
| 5
I

!

to

|Difference IS Signif,
|but Opposite from

1989

0 W oo e
DT WN

.3
0.1

's "CA" & "CB"™ Minus Remaining Mic.'s,
Unshielded|Shielded
IrICAvl__

dBA |
Unshielded!

"3A" “CB"-"3B" |
*. I

9.5 |

9.4 |

8.2 |

8.5 |

I

8.9 |

3 0.65 |
' 4 I

t¥= +2,118 |
.os;7 = —1.895 I
|

I

|

|that expected.

11

|
I
I
i
I
|
I
|
|
I
]
|
I to.
I

1989

's "CA" & "CB" Minus Remaining Mic.'s,
Unshieldedishielded

|"ca"-
11,
11.
11.
11.
11.
i1.
11,

tt 3A'l fl

R AR ¢ 6 B = T N

.4
0.
7

22

t*= -12.154

as5; 12 —

calculated from Student's t - Test {see text).

dBA

Unshielded
CB"_
9.
9.
9.
10.
9.
9.
i10.

9.
0.

7

-1.

Difference IS Signif.

" SB "

= O N ®~1,

o

782

t for a level -of

significance of 0. 05 with (n1 + n, - 2} degrees of freedomn.
Difference between X, and Xs is significant if the calculated
t exceeds the critical t in absolute value.
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" TABLE 4 (Continued)
STATISTICAL COMPARISONS
BETWEEN SHIELDED AND UNSHIELDED PORTIONS OF VEGETATION BARRIER SITES

SITE V-2
Date of Measurements: March 17, 1989
! Control Mic.'s "CA" & "CB"
Minus Remaining Mic.'s, dBA
Run|Shielded Unshielded]|Shielded Unshielded

l
l
|
No.J"CA"-"1A" "CB"-"1B" |"CA"-"2A" "CB"-"2B" |
1 | 3.7 2.7 | 9.6 6.6 |
2 | 3.8 2.8 ] 9.9 6.9 |
3 | 3.0 2.7 | 9.2 6.7 |
4 | 3.4 2.8 | 9.7 6.8 i
5 | 3.2 2.7 { . 9.8 6.9 |
6 | 3.6 2.7 | 1¢.0 6.8 ]
7 ] 3.8 2.7 | 9.6 6.7 |
l ! |
x | 3.4 2.7 | 9. 6.8 i
s | 0.25 0.05 | 0.26 0.11 [
n | 7 7 ] 7 7 !
| t*= ~7.265 J t*= -27.178 ]
| to.os;az = -1.782 | to.os;2=z = -1.782 |
|[Difference IS Signif.|Difference IS Signif.|
== e | -—m |
10/9/81 Data: | 3.4 2.8 [ 9.7 7.2 I
SITE V-3

Date of Measurements: March 22, 198¢
T Control Mic.'s "CA" & "CB"
[ ‘Minus Remaining Mic.'s, dBA
Run|Shielded Unshielded|Shielded Unshielded

Difference IS Signif.|Difference NOT Signif

l
|
|

NO.I"CA“""].A" IICB"_HIBH ||ICA|I_l|2An lchH_llzBll l
1 | 8.9 7.6 | 12.6 12.2 |
2 | 8.6 7.2 | 11.8 11.7 |
3 | 8.9 7.4 | 12.2 12.1 ]
4 | 8.2 7.4 | 11.5 12.0 f
5| ‘8.0 7.7 |- 11.7 12.3 |
6 | 8.0 7.2 I 11.4 11.9 |
7 8.1 7.1 | 10.3 11.0 |

P | !
x | 8.4 7.4 | 11.86 11.9 |
s | 0.41 0.22 ] 0.72 0.44 |
n J 7 7. | 7 7 |
1 t*¥= -5.686 | t*¥= 0,940 |
| to.os:sz = -1.782 | to.os;2= = -1.782 |
| ! 1

NOTES: t* = calculated frow Student's t — Test (see text).
.This value was compared to the "critical” t for a level of
significance of 0.05 with (n. + nz - 2) degrees of freedom.
Difference between X, and Xs is significant if the calculated
"t exceeds the critical t in absolute value.
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The one exception was in the comparison between CA - 3A and

CB - 3B wvalues ip the Site V-1 data of Februwary 5, 1987
(Table 4). These data showed a reversal of the shielding,
indicating an increase of 0.6 dBA at mic 3. However, when
averaged with data collected on Marech 15, 1989, which did show

the expected decrease, the average noise reduction was 0.5
dBA.

No direct explanation can be given for the reversal. Local
contamination of noise measurements at mic 3A could be one
explanation. However, if such contamination were present, it

would probably have affected mic's 1A and 2A as well. .

Another explanation for the reversal could have been opposite
wind directions at the "A" and "B" portioms of the Site V-1

(less than a quarter of a mile apart). Wind measurements were
usually made at one location to represent the entire site. On

the date of the reversal no meteorological measurements were
taken. In either case, opposite wind directions at the two

locations would have remained undetected. However, it is
unlikely that this condition existed over an extended period
of almost two hours (counting breaks between the

measurements).

The reversal appears somewhat excessive to be explained by
normal variations in measurements. However, after careful
scrutiny of the measurement results, no obvious abberations
could be detected. The February 5, 1987 data aé mic's 3A and

3B were therefore accepted and averaged in with the data of
March 15, 1989.

With the exception of one, all reductions due to shielding
were found to be statistically significant when subjected to a
statistical "t"-test with a level of significance = 0.05 (86).
The exception was at Site V-3, mic 2 which showed =a

statistically insignificant reduction of 0.3 dBA. Further
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‘ekamination of “the €ité indicated a 7 foot gap in the
vegetative barrier, vigsible from mic 2, but not mic 1 as shown
in Figure A-8 (Appendix A).

Table 5 summarizes all the statistically significant noise
reductions due to vegetative shielding. Note that mic 2, Site
3 shows a zero reduction, because of its statistical
insignificance. Also sﬁmmarized on Table 5 is pertinent
veéetation information and a subjective "vegetative mass"
classification scheme used to report the findings in this

report.

Conclusions.

Tﬁere is a distinbtion between statistical significance and
human siguificance. The former is a measure determined by the
"spread" of the data around the mean {standard deviation) and
the number of (noise) samples taken. The latter is determined
by human perception of noise. From a human perception
standpoint, the reductions ranging from 0 - 2.7 dBA and

averaging 0.9 dBA are not significant.

The O0ffice of Transportation Materials & Research therefore
concludes that vegetative barriers are not an effective
highway noise mitigation measure to be used on a routine
bdsis. However, for the purpose of meeting specific design
noise levels or noise standards, oleander or equivalent shrubs
may-be'of some value in borderline cases. Sufficient
right-of-way is necessary to plant a 15 to 20 feot wide strip.
If allowed to grow to a height of at least 8 feet with a high
végetative mass (see Table 5 for definition) the shrubs should

provide an average noise attenuation of 1 to 2 dBA.
The data in Table 5 alsd implies that trimming or outright
rembval of shrubs and trees along highways by maintenance or

construction personnel does not cause perceivable noise

26


http://www.fastio.com/

ClibhPDF -

TABLE 5 -
NOISE LEVEL REDUCTION DUE TO SHIELDING BY VEGETATION

Vegetation Types
& Description Of

Noise Reduction, dBA @
Distances Behind Vegetation

I I f i
| | | |
Site | Vegetative Mass* | Dimensions |@ Mic.1A |@ Mic.2A @ Mic.3A |
- ! ! | | | |
| Oleander strip, | | | { ]
| parallel to fwy, | 9' high | i | |
| medium Veg. Mass. | 13' wide | 0.3 dBA | 0.8 dBAa | 0.5 dBA |
l ] | |
V-1 | Redwoods, along | 50' tall, | @ 10 ft | @ 35 ft % @ 70 ft }
| centerline of | 20' total | i | |
| oleander strip, | spread, I MEAN REDUCTION: 0.5 dBA |
| equally spaced f{mainly above | i | |
| @ 30' on center., | oleander) | [ f |
| i z i _
_ | Oleander strip, | | 0.7 dBA | 2.7 dBA I |
V-2 | parallel to fwy, | 8' high ! @ 3 ft | @ 44 ft |
| high Veg. Mass. | 17' wide | MEAN RED: 1.7 dBA |
i Pine trees,low tom E E i
| medium Veg. Mass, | | 1.0 dBA | 0 dBA |
| single line, | | | |
! parallel to fwy, | | @ 7 ft | @ 57 ft |
| unequally spaced,] 40' tall ! | I
| @ 10'-20' on ctr | 30' wide | MEAN RED: 0.5 dBA |
| with some open- [ (pine boughs | Due to |
V-3 | ings (nearest | were touching| | 7'opening|
| opening of 7' was| the ground) | fnearby, |
| about 40' from | ~ [ |mic. was |
| mie.line), | ! lexposed |
| branches inter- | | |to direct|
| twined. | [ | fwy noise|
l | | ! |
NOTES: * Vegetative Mass is defined in this report as a property

of the vegetation "barrier” that inclundes both density and
width ("thickness"). A subjective grading system based on
visual inspection from the receiver location is used as
follows:

High Vegetative Mass

Highway generally not visible
through the vegetation except
for some isolated small areas.
Portions of the highway faintly
visible through the vegetation.
Low Vegetative Mass = Highway clearly visible through
the vegetation.

Medium Vegetative Mass
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increaseés to residences that were originally shielded by the

- ' vegétation.

On the basis of these findings, no additional research will be

done in vegetative barriers as part of this project.
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GROUND ATTENUATION RATE MEASUREMENTS (INTERIM})

Project Status.

This portion of the research project titled: "Traffic Noise
Attenuation as a Function of Ground and Vegetation" is in an
interim stage. The project is behind schedule due to a variety
of field problems, and increased work loads coupled with

reduced staffing. A considerable amount of field work,

however, has been completed, and some of these data have been
analyzed. The results of these will be reported as preliminary
findings. More fieldwork and additional analyses will be

required to bring this project to a satisfactory conclusion.

Research Methodology.

The Background chapter in this report explained the need for
refining the distance attenuation rates, preferably in terms

of the site parameter 06 as used in the FHWA model (2).

The intent of this project has always been to providg
practical soclutions to actual, observed problems in noise
prediction parameters. State highway agencies are directed by
FHPM 7-7-83 (4) to use traffic noise prediction methods that
are consistent with the methodology in the FHWA model. From a
practical point of view then it appears reasonable to measure
real traffic sources, rather than artificial, and extract from

these data the site parameter used in the FHWA model.

By far the majority of traffic noise predictions are made for

urban and soburban freeways. These are, after all, the causes

of most of the noise complaints in residential areas and need

to be addressed most frequently. It seems logical then to
measure traffic noise attenuation rates at sites along heavily
traveled multi-lane highways. This is, however, not a sinmple
task.
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‘The FHWA model assumes line“source propagation for highway
traffic noise. A multilane freeway has several line sources
simultaneously at different, but known, source-to-receiver
distances. Their relative contributions to the measured noise
41eve1. however, are unknown. These can, of course, bhe
calculated from measured volumes, mixes and speeds of traffic
oécupying the line source locations (lanes). Even then, no
single fixed centroid can be assumed from which the noise
propagates outward at a uniform rate (although this assumption
is often made in noise predictions when only directional
traffic is available and the lanes in each_direction are

grouped together).

A sing1e lane with heavy traffic volumes surrounded by flat
oben fields with homogeneous ground cover and soil conditions
would make the ideal site to study attenuation rates. Such a
situation would approximate an infinite line scurce emanating
é nearly continuous and high noise level. Assuming that the
ambient (background) noise level would be very low, as might
easily be expected in this case, the noise attenuation due to
distance and ground absorption could be measured over long
distances from the roadway. Unfortunately such a situation is

nét réadily (if at all) available.

In order to maintain the single line source aspect of an ideal
site, the approach used in this project was to study single
vehicle passes on verﬁ low volume two-lane highways. If the
noise from a passing vehicle is continﬁously measured over a
time interval, the moving point source behaves as a line
source (g). A trace of the instantaneogs noise levels from the
vehicle would, at some point in time, begin to register above
the ambient noise as it approaches, increase to a maximum, and
decrease again to a point in time when it dips below the

background noise.
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Figure B-1 in Appendix B shows this situation for a heavy
truck at 50 feet from the centerline of travel. The FHWA
model (2) waé used with California Vehicle Noise (Calveno)
Emission Levels. An @& of 1.0 {very absorptive site) was
assumed in the example. First, the hourly Lgg, or Lzq(h) was
calculated at 49.2 dBA. Note that a proper adjustment was made
for the finite roadway segment defined by the location of the
- vehiecle at the beginning of the measurement to its location at

the end of the measurement. The segment angles were calculated
from the given speed of 55 mph and the elapsed time of the

measurement.

The Lgpqo for the duration of the measurement was calculated

next. The result of Lgo(105 sec) was 64.6 dBA.

In the example beginning and ending ambients of 34 dBA and
39 "dBA respectively, were assumed. Note that the average
ambient of 37 dBA did not contribute to the total Lgo(105

sec).

In order to measure distanée attenuvation rates of vehicle
noise, measurements need to be made at a minimum of two
different distances from the source. The differences between
the two measurements - when properly normalized - may then be
used to determine ®. This process is shown in Figures B-2 and
B-3, Appendix B. Note that, to arrive at the & via the Lo
measurements, segment adjustments inherent in the noise
measurements must be removed first, i.e. the measured data
must be normalized from a finite roadway to an infinite

roadway.

Since the segment adjustment at each receiver is also a

function of e , the process of finding @ includes an itératfve
process of first estimating @ , then using the estimate in the
segment adjustments. These, in turn, are used to normalize the

difference in measurements, AdBA, L{(FIN) to the normalized
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e

differences, &dBA,, . (INF) as shown by Equation 2, Figure B-2,
Aﬁipendix B. A new &€ can then be calculated using Equation 3,

Figure B-3, Appendix B, and the next iteration will begin with
new segment adjustments, etc.

In this project the process was continued until the difference
between the next ddBAl,a(INE) was within 0.1 dBA from the
previous one. The final of was then calculated and reported.
The first estimate of & can be made in various ways. In
this project; it was calculated from the noise level
differences between two mic's of interest, or AdBA, -(FIN).

' This value was then used as a substitution for AdBA. o (INF)

in Equation 3, Figure B-3, Appendix B.

The site parameter o can also be calculated from differences
in instaneous méximum values (Lyax). The method of calculation
is also outlined in Figure B-3, Appendix B (Equation 4). In
theory, the value of & derived from L., measurements should
match the value of &€ derived from Ly., measurements, since the
methods assume perfect homogeneity of the site, and the
meaéurements 0f Legq and Lya.x are of the same vehicle, under
the same conditions., In reality, however, some of these

assumptions may be flawed for the following reasons:

* gsite may not be perfectly homogeneous; the very small
segments incorporating the Lmax values may not be represented

by the entire segment of the Lgq values,

* slightly fluctuating meteorology, especially wind speeds
and directions, averaged during an entire Lgg measurement may
be differeanat than the instantaneous conditions of the Lyax

measurement,

* the assumed constant vehicle speed may actually

fluctuate somewhat .
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* wvehicle noise may not propagate by perfect cylindrical
spreading as assumed for the Leq measurements, or by perfect

spherical spreading assumed for Lyasx.

Sites and Instrumentation.

Four sites, labeled G-1 through G-4, have been measured so
far. Each site is in flat open terrain surrounding a two-lane

rural highway with very low traffic volumes, on the order of
one vehicle every few minutes.

Three of the four sites are in California's Central Valley:

* G6-1 "Kesterson" is along eastbound State Route (SR)-140,

4 miles northeast of Gustine and the junction of SR-33 and

SR-140, at Kesterson Wildlife Refuge. Ground cover: 1 to 2

foot high dense weeds and grasses.

* G-3 "Lemoore" is along westbound SR-198, 11 miles east

of Interstate (I)-5. Ground cover: None, plowed field with

6 to 8 inch deep furrows.

¥ (6-4 "Avenue 7" is along eastbound Avenue 7, 13 miles
east of Firebaugh, and approximately 15 miles southwest of

Madera. Ground cover: 3 to 12 inch high weeds.

Site G-2 was located in a desert region east of the

California's Sierra Nevada on the nerth end of Owen's Valley

about 7 miles north of Bishop, along US-6. Ground Cover:
2 to 3 foot high sage brush. .

Figure B-4 in Appendix B shows two ideal microphone setups
superimposed. These configurations were used at each site.
Since only ten sound level meters (SLM) were available, the
configuration shown was actually done in two setups. The first

setup included typically the 2.5 and 5 foot high mic's at 50,
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160? Zﬂb; and 400 feet from the center line of vehicle travel,

and the 5 and 10 foot high mic at the 25 foot distance. The

‘'second setup anfuded the 10 and 20 foot high mic's at 50,

100, 200, and 400 feet, and 5 foot high reference mic's at 50
and 400 feet. The purpose of the latter two mic's was to

relate the high mic setup te the low mic setup.

The instruments used for the noise measurements were:

“+ @ Bruel & Kjaer (B&K) 2218 Precision SLM with B&K 4165

mic's.
% 3 B&K 4426 Noise Level Analyzers with B&K 4165 mic's.
* 1 B&K 2230 SLM with B&K 4155 mic.

E 1 Dataloggef. custom-built for the former Transportation
Laboratory; the unit was manufactured by James Cox and Sons,
Inc., Colfax, California, and Walt Winter of Engineering

Logic, Sacramento, California-

Calibration was performed as described in the Vegetative
Barrier portion of this report.
*# Wind speed and direction were measured with a Belfort

Instrument Co. anemometer mounted on a stand.

*¥* Vehicle speeds were measured with a Rangemaster 715 radar

“gun", made by Decatur Electronics, Inc.

B

Measurements.

Individual vehicle passes were measured from the time their
noise traces {measured at the 5 foot high mic at 400 feet)
rose over the low and fairly constant ambient noise to the

time they'diéappgared below ambient levels. Thq times from the
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beginning to the point closest to the mic's and the total
times were recorded, along with the constant speeds measured
by radar. This information would later be used to calculate

the finite roadway segments discussed previously.

The observer also recorded vehicle types according to the
FHWA RD-77-108 definitions, i.e. autos, medium trucks, and
- heavy trucks (2). -

The noise data at the ten mic's were simultaneously recorded
by the datalogger; wind speeds and directions were carefully
cbserved during each vehicle pass, and also recorded, as were
other environmental conditions such as relative humidity,
temperature, sky conditions, and ambient noise (noise
“floor"}. Two values were recorded for the latter: one for the
ambient noise at the beginning, and one for the end of each

event. These would later be energy-averaged.

The purpose of recording the ambient noise level was to
determine if the L., measurement at each receiver was
contaminated. If the ambient noise level was at least 10 dBA
below the L., measurement the latter would be free of
contamination. The 400 foot mic's of a guiet event had

obviously the greatest chance of being contaminated.

A total of 541 events (vehicle passés) were measured at four
sites as of this writing. Each event provided noise data for
up to ten different locations. A far greater amount of sites
- was anticipated at the start of the project. The actual rate
of field measurement, however, was much slower than expected,

- due to a variety of major and minor problems.

The major problems encountered warrant further discussion for
the benefit of other researchers attempting the same research

approach.
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:Tﬁéaaaﬁaﬁfaggé df‘éiﬁgré vehicle heasurements have already
been discussed. A disadvantage of this method is that
measurements can easily be contaminated by extraneous noise
sdurces such as aircraft, even in relatively remote areas. The
distance at which the relatively low noise levels can be
measured accurately depends greatly on how low the ambient

noise level is.

Although the ambient noise levels at the sites in this project
were normally low (25 - 35 dBA), the noise measurements were
frequently interrupted by distant noise from farm eguipment,

aircraft overflights, and locally by birds.

In late spring of 1986 an additional noise problem was
encountered: mating cicadas. These insects apparently mate in
17 year cycles, during which they are very noisy. Depending on
géographic region the 17 year cycles are set one or more years
ahead or behind each other. 1986 was apparently the year of

the cicada at Kesterson's site G-1. Consequently, many

‘measurements were cdntaminated and had to be repeated, due to

an ambient cicada concert that reached 50 dBA. The normal

ambient noise level at this site was about 32 dBA.

Another major problem associated with single vehicle
measurements is relating the meteorological observations to
the relatively short averaging time of the noise levels
(typically 40 seconds). The spatial differences in wind speed
and direction, for example, are more pronounced due to fhe
lack averaging time. Consequently, wind speeds and directions
can vary greatlylfrom microphone to microphone in a short tinme

span.

In this project, metecorological data were gathered in a single
location, compounding the problem with wind variations.
However, even if meteorology could have been observed at each

mic simultaneously, a wind field constructed from these data
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would be confusing and.difficult to relate to noise levels.
The spatial wind fiuctuations may have been the cause of
observed variability in noise data. A longer averaging time,
possible only if streams of vehicles were measured, would
vield a more uniform wind field over the region of a site, and

therefore less variability in noise data.

s The availability of suitable sites is a third major problem,
although this is not necessarily limited to single vehicle
measurements. Flat, open areas with uniform ground cover or
s0il properties in regions of low ambient noise, and proper

traffic characteristics are a rare luxury!

Finally, the complexity of a setup involving ten
simultaneously measuring SLM should not be overlooked as a
problem, not only technically, but also logistically. Older
equipment tends to perform flawlessly in the laboratory,

but is plagued with failure in the field. Also: no matter how
carefully the logistics are planned in advance, some detail
will inadvertently be omitted; a vital component left in the
laboratory; an unanticipated mishap, etc. The amount of time
required to set up, calibrate and troubleshoot a complex

system leaves less time for measurements.

There are, however, great advantages to emploving many
instruments simultaneously. The spatial noise "picture"
obtained from a complex setup is the most obvious advantage;
system calibration, and measurements under same conditions are
* other advantages. A simpler setup avoids many of the problems
of a complex system, at the expense of guality information.
- Obviously, a fine balance between what is desired and what can
| be achieved must be sought before deciding on the complexity

of the instrument setup.
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"Preliminary Results, Conclusions, and Recommendations.

The preliminary-anal&sis included noise data for the 50 and
200 foot mic's at a height of 5 feet. The calculated site
parameters @ for sites G-1, G-2, G-3, and G-4 are listed in
Appendix C by event number (ID_NO) and vehicle type for Lgg
(ALPHA} and Lmax (PKALPHA). The crosswind component (CWC) for
eébh event ﬁs'also shown. A positive CWC means a wind blowing

from source to receiver {perpendicular te the highway). A

negative CWC blows from receiver to source.

The & values are unexpectedly high. FHWA RD-77-108 (2)
recommends an average value of 0.5 for absorptive sites. The
reference's Appendix A mentions a "reasonable range" of

to be between 0 and i from hard to "very absorpfive". The four
sites used in this project were estimated to range from
aﬁsorptive {G-3 and G-4) to very absorptive (G-1 and G-2). The
average @ values based on Lgg and Lyax determined in this
”pnoject by site and vehicle type follows:

TABLE 6
o Values
Détermined From 50 and 200 Foot Mic Data
at a Height of 5 Feet

i - Vehicle Type - - - ————--—---- |

{ Site No. | Autos |[Medium TfuckslHeavy Trucks |
! | LEQV Lmax | Leza Luax | Lzq Lrasx !
| | ! I !
| G-1 | 2.1 1.7 | 1.9 1.6 | 1.9 1.1 |
| G-2 1 1.7 | 2.0 1.6 | 1.4 1.0
| G-3 [ 1.8 1.4 | 1.3 1.1 | 1.1 0.7 |
1 G-4 | 1.2 0.8 | 1.2 0.6 | 0.9 0.4 |
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These preliminary findings are by no means conclusive, ahd
need to be verified for other distances. The effects of
different heights also need to be examined yet. There is,
however, a strong indication that an @ of 0.5 is not high
enough for many soft sites. This would explain the commonly
occurring over predictions by the FHWA model, especially at

greater distances from the highway.

Another interesting finding is the fairly coanstant
difference between ®$ derived from L.y and Lyax data. This
difference of about 0.4 to 0.5 does .not appear to be site-
dependent and may be due to flaws in perfect line and point
source assumptions. Once again, other distances need to be

examined to shed light on this phénomenon.

TheAprincipal investigator of this project intends to validate
the preliminary site parameter values for multiple lanes
through comparisons‘of measurements and model predictions
using the values based on single vehicle measurements.
Multiple lane sites with‘ground cover comparable to some of
the single lane sites will be selected for this purpose. It is
expected that two or three such sites will be measured for the
remainder of the project, using using less complex

instrumentation setups than those used so far.

Further analysis in correlation between noise levels and
meteorology will also be examined. Time-averaged observations
are expected to correlate better with noise measurements of
longer duration (sayrls minutes) than those obtained during

the shorter time span of single vehicle noise measurements.

If present data trends continue, the final report will
probably recommend using a higher value ofef than 0.5 for soft
sites. Due to the presently observed variability of noise data

it is unlikely that refinements can be made for various types
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of ground cover as was anticipated at the beginning of this
project. However, if, on the basis of strong evidence gathered

in this research, a sound recommendation can be made to use a

different value of o€ , this research project will have been

successful.
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APPENDIX A
VEGETATIVE SITES:
Vicinity Maps, Layouts and Cross Sections

of Sites V-1, V-2, and V-3
{See Text)
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RATES:
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(See Text)
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LISTING OF. G1- AUTO DATA:

CWC

ALPHA PKALPHA

VEN

ID_NO

Gi-1

Gl-2

Gi-3

G1-4

Gi-5

Gl1-6

G1-7

G1-9

G1-10
G1-11

~

G1-13
G1-14

G1-15
G1-17

G1-20
G1-22

o

-

2]

i

(=]
ol

=]
=]

(e}

+
i

Q

N

G1-23
Gl1-24

G1-25
'G1-286

G1-279
Gl1-28

G1-29
G1-30C

G1-31
G1-32

G1-33
G1-35

.

G1-386
G1-37

G1-38
G1-39

G1-40
G1-43

Gl-44
G1-45

Gi1-46
G1-53

G1-54
G1-55

G1-57
G1-59
G1-68
G1-69
G1-70

G1-73

o

G1-76
G1-85

2 .

~N

o
[y}

—

o3

v

o3

G1-386
G1-88

G1-91

Gi-92

G1-98
G1-99

A

Gi-102
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C“”M?”,V”Vda?

‘Gi1-123

ID_NO
G1-105
G1-108
G1-110
‘G1-116
G1-122

AVERAGE ‘ 2.1

tio.com

PKALPHA
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" LISTING OF G1 MEDIUM TRUCK , DATA:

ID_NO VEH ALPHA PKALPHA CWC
G1-18 MT 1.7 1.2 0.0
G1-48 MT 1.4 1.2 0.0
G1-52 MT 2.1 2.0 ~1.2
G1-117 MT 2.4 2.1 -3.0
AVERAGE 1.9 1.6
C -3
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1D_NO
G1-8 -
G1-12
G1-21
G1-47
G1-49
G1-51
G1-62
- G1-64
G1-65
G1-66
- G1-8T7
G1-71
G1-74
. G1-77-
" G1-78
G1-79
G1-80"
G1-81
G1-82
G1-83
G1-84
G1-87 .-
G1-89
G1-93
G1-95
'G1-96
G1-100
G1-101.
G1-103
G1-104 -
G1-106
G1-107
G1-112
G1-115
G1-119
G1-120
G1-124,

AVERAGE

ClibPD www . fastio '(j-(.)‘ﬂ

HT

“'LISTING "OF GI HEAVY TRUCK DATA:

VEH ALPHA
HT 1.6
HT 1.3
HT 1.6
HT 2.1
HT 1.8
HT 1.7
HT 2.4
HT 1.5
HT 1.3
HT 1.3
HT . 1.7
HT 1.9
HT 2.0
HT 1.7
HT 2.5
HT 1.7
HT 2.3
HT 2.4
HT 2.1
HT 2.8
HT 1.3
HT 2.2
HT 2.0
HT 1.5
HT 1.9
HT 1.8
HT 1.8
HT 2.3
HT 2.1
HT 1.8
HT 2.2
HT 2.2
HT 2.2
HT 1.7
HT 2.2
HT 1.7
2.0

[y
w

PKALPHA
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Ccwc

+

PKALPHA

ALPHA

VEH

ID_NO
G2-1
G2-3
G2-4
G2-5
G2-8
G2-9
G2-10
Ga2-11
G2-13
G2-15
G2-16
G2-17
G2-18
G2-19

LISTING OF G2 AUTO DATA:
G2-2

o Q
oo

¢

— v

G2-21
G2-22
G2-23

.
.

.
+

G2-25
G2-27
Ga-28
G2-29
G2-30
G2-31
G2-33
G2-34
G2-35
G2-36
G2-38
G2-39

o -

.

G2-41-
G2-42
G2-44

(==

oo

» b~

—

G2-46
G2-47
G2-48

.
-

-
-
.

G2-49
G2-52
G2-53
G2-54
G2-55
G2-56
G2-57
G2-58
G2-59
G2-60
G2-61
G2-62
G2-63
G2-65
G2-66
G2-67
G2-69
G2-70
G2-71
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“LISTING OF 62 AUTO DATA:

cuWe

ALPHA PKALPHA

VEH

ID_NO
G2-72
G2-73
G2-75
G2-76
G2~77

G2-78
G2-79

G2-81

G2-84
G2-85

G2-86

.

G2-87
G2-88

G2-89
G2-90

G2-91
‘G2-93

G2-94
G2-96

.

G2-97
G2-98

.

G2-99 .

A

G2-100
G2-101
. 62-102

»

A

G2-103
G2-104
G2-1086
G2-107
' G2-108:

o0
(==

.

A
A

G2-110
G2-111
G2-112
G2-113

*

A
A
A
A

.

G2-115"
- G2-117

A

.

G2-118
G2-120
Gz-121
G2-123
G2-127
G2-128
62~-129°
G2-130
G2-134
.G2-135

A
A

A
A

A

-

.

" G2-1836
G2-137
G2-138

A

A

G2-140
G2-141
G2-143
G2-144

A

+

A
A

G2-145

+

A

G2-146:
G2-147

A
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LISTING OF G2 AUTO DATA:

ID_NO VEH ALPHA PKALPHA CWC
G2-148 A 2.4 2.2 5.2
G2-149 A 1.4 1.0 5.2
62-151 A 2.3 1.8 0.0
G2-152 A 2.1 2.0 0.0
G2-155 A 2.0 1.7 0.0
G2-156 A 1.9 1.6 0.0
62-157 A 2.7 2.3 0.0

. G2-158 A 2.7 2.4 0.0
G2-159 A 2.9 2.4 -1.7
G2-160 A 2.1 1.6 0.0

. G2~-161 A 1.2 0.9 0.0
G2-162 A 1.8 1.3 2.0
G2-163 A 2.1 1.7 0.6
G2-165 A 2.1 2.0 0.0
G2-166 A 1.3 1.1 5.0
AVERAGE 2.1 1.7

5
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LISTING OF G2 MEDIUM TRUCK DATA:

ID_NO
G2-50
G2-105
G2-164

AVERAGE

www . fastio.com

VEH ~ ALPHA PKALPHA
MT 2.0 1.6
MT 2.1 1.5
MT 1.9 1.8

2.0 1.6

oo n

oo
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LISTING OF G2 HEAVY TRUCK DATA:

ID_NO
G2-12
G2-14
G2-24
G2-26
G2-43
G2-51
G2-64
G2-82
G2-95
G2-114
G2-116
G2-125
62-1286
G2-132
G2-138
G2-154
G2-167

AVERAGE

www . fastio.com

VEH

HT
HT
HT
HT
HT
HT
HT
HT
HT
HT
HT
HT
HT
HT
HT
HT
HT

ALPHA

1.0
1.4
0.9
1.0
1.6
1.2
1.4
1.4
1.4
1.9
2.2
1.4
2.0
0.8
1.9
1.6
1.5
1.4

PKALPHA
1.0
0.8
0.3
0.8
1.0
0.8
0.9
1.0
0.8
1.4
1.6
1.0
1.6
0.5
0.9
0.9
1.1
1.0
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CWC

ALPHA PKALPHA

VEH

G3-1

G3

" LTSTING OF G3 AUTO DATA:
ID NO

1Y
.
-

10

C

.
.
.
.

G3-13
G3-15
G3-18
G3-20
G3-21
G3-22
G3-25
G3-26
G3-30
G3-35
G3-38
G3-39
G3-43
G3-48
G3-49

- G3-50

' G3-51
G3-54

G3-9
AVERAGE

www . fastio.com
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LISTING OF G3 MEDIUM TRUCK DATA:

ID_NO VEH ALPHA PKALPHA CWC
G3-23 MT 1.3 1.0 ~1.2
G3-29 MT 1.0 0.9 -1.2 ‘
G3-32 MT 1.9 1.4 “1.2
G3-33 MT 1.2 0.8 -1.0
G3-42 MT 1.1 0.8 0.8
AVERAGE 1.3 1.0
' Cc - 11
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" 'LISTING OF ‘63 HEAVY TRUCK DATA:

ID_NO " VEH ALPHA PXALPHA

G3-3 HT 1.1 0.9

63-5 HT 1.2 0.9

G3-7 HT 1.2 0.5

G3-10 HT 1.1 0.2

.G3-14 HT 1.3 0.9

G3-16 - HT 1.4 1.2

G3-24 . HT 1.2 0.9

‘6327 HT 0.7 0.8

G3-31 HT 1.0 0.9

G3-36 HT 0.9 0.7

. G3-37 HT 0.9 6.6
w0 G3-44 it 0.9 0.5
G3-45 HT 1.0 0.4

G3-47 HT 0.8 0.4

63-52 HT 1.7 1.2

G3-53 HT 1.0 0.8

G3-~55 HT 0.8 0.7

63-56 HT 1.0 0.5

1.1 0.7

" AVERAGE

T
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1D_NoO
G4-2

G4-3

G4-5

G2-8

G4-9

G4-11
G4-12
G4-13
G4-14
64-17
G4-21
64-23
G4-24
G4-26
G4-27
G4-28

AVERAGE

www . fastio.com

R A N S

"LISTING OF G4 AUTO DATA:

VEH

ALPHA

1.6
1.4
1.2
1.8
1.5
1.5
1.1
1.9
0.9
1.0
1.3
0.9
1.3
0.9
1.0
1.1
1.2

PKALPHA

c

-
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- ID_NO
64-15
G4-18
G4-20
AVERAGE

IhPD Wy fast

C

‘LISTING OF G4 MEDIUM TRUCK DATA:

VEH ALPHA PKALPHA
MT ' 0.9 0.5
MT ‘ 1.6 0.9
MT 1.0 0.5

1.2 0.6
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LISTING OF G4 HEAVY TRUCK DATA:

ID_NO
G4-6

G4-19
Ga-22

AVERAGE

ClihPDF - www .fastio.com

VEH ALPHA
HT 1.0
HT 0.9
HT 0.7

0.9

PKALPHA

0

0.

.6
0.
0.

3
3

4

‘c- 15

w0

CunoO
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